Background: Depressive conditions cause about 25 million disability adjusted life
The incidence of depression rises after puberty, and the young age distribution in low-income countries results in a high burden of adolescent depression. However, child and adolescent mental health services are rarely available (Angold, Costello, & Worthman, 1998; Patel et al., 2007) .
The aetiology of adolescent depression is multifactorial. It has been mostly studied in developed countries. In addition to a genetic tendency for the disease, social disadvantage, parental mental disorders, female gender, and experiences of violence are related to depression (Patel et al., 2007) . Low birth weight, growth failure, and malnutrition early in life may also contribute to later depressive symptoms, but the significance of childhood growth is unknown (de Mola et al., 2015; Galler et al., 2010; Walker, Chang, Powell, Simonoff, & Grantham-McGregor, 2007) . Since brain development continues throughout childhood, malnutrition may lead to neurodevelopmental disorders into adolescence (Teivaanmaki, Cheung, Kortekangas, Maleta, & Ashorn, 2015; Thompson, 2001) . The timing of puberty is influenced by possible growth failure and catch-up growth (Angold et al., 1998; Proos, 2012) , and the stage of pubertal maturity is therefore important when evaluating the association between growth and depression. To our knowledge, this information has not been collected before.
The primary objective of this study was to describe the prevalence of reported depressive symptoms at 15 years of age in a rural Malawian cohort. The secondary objective was to assess the associations between birth weight, growth, gender, and pubertal maturation and depressive symptoms in adolescence, particularly in the sub-Saharan adolescent population.
| PARTICIPANTS AND METHODS

| Study design
This prospective cohort study was conducted in Lungwena, Mangochi District, Southern Malawi. Covering approximately 100 km 2 , the study area included 26 villages and 23,000 inhabitants, who were mostly Muslims of the Yao tribe. The literacy rate was low, and the main income sources were farming and fishing.
The study cohort was enrolled between June 1995 and August 1996. It comprised 795 mothers who attended the antenatal clinic at Lungwena Health Centre (Maleta, Virtanen, Espo, Kulmala, & Ashorn, 2003) . These pregnant women carried 813 foetuses, and the number of children born live was 767 (Figure 1 ). There were 759 children alive after the first day of life. These cohort members were followed up until 15 years of age. Anthropometry was conducted at birth and at 1, 24, 120, and 180 months (15 years), and depressive symptoms and pubertal maturity were examined at 15 years of age. We then examined the magnitude of depressive symptoms and assessed the association between the change in length-for-age/height-for-age z-scores (LAZ/HAZ) at the aforementioned age intervals, birth weight, gender, and pubertal maturation and depressive symptoms. 
| Data collection
We used the Short Mood and Feelings Questionnaire (SMFQ) to assess the adolescents' reported depressive symptoms at 15 years of age. A public health scientist translated the questionnaire from English to the Yao language, and a psychologist back-translated it to English.
The translation was then revised until inaccuracies were not detected.
The SMFQ provides a reliable measure of depressive symptoms in children of a variety of ages (Angold et al., 1995; Turner, Joinson, Peters, Wiles, & Lewis, 2014) . It contains 13 questions with three response options, true (2 points), sometimes true (1 point), and not true (0 points). The range is 0-26 points, and a score ≥ 11 is suggested to refer to significant depressive symptoms. The SMFQ includes individual items such as "I felt miserable or unhappy" or "I didn't enjoy anything at all." With the generally used 11-point cut-off, the specificity of the questionnaire is 83% for identifying those who meet the ICD − 10 criteria for depression, and the sensitivity is 71% (Turner et al., 2014) . One third of the participants were considered to have flu- Maleta et al., 2003) . Briefly, the data collectors measured the participants' weight during the first 7 days and length at 1 month at their homes. Length was measured with locally constructed length boards. The measurements at 24 months were taken with a self-made height board at the participants' homes, and the measurements at 120
and 180 months were taken with a stadiometer (Harpenden, Holtain Limited, UK) at the study clinic. The study team calibrated the equipment weekly, and the data collectors were trained and retrained by the investigators at intervals of 1-36 months.
To derive length-for-age/height-for-age z-scores (LAZ/HAZ), we to cover the whole range of growth in the cohort. We generated the zscores for anthropometric measurements using a Stata macro (Vidmar, Cole, & Pan, 2013) .
We added potential confounders and mediators to the regression models. The wealth index was assessed during pregnancy by interviewing the mothers. It summarizes the household ownership of radios, bicycles/tricycles, mattresses, and livestock ownership of land per person and the number of family supporters. It was derived from factor analysis and categorized into three levels: poor (below the 40th percentile), middle (40th to 80th percentiles), and rich (top 20th percentile). The gestational duration was estimated with a national chart for fundal height during the antenatal visits. Information about the timing of menstrual periods was not reliable, and ultrasound was not available (Kulmala et al., 2000) .
| Statistical analyses
In the primary regression analysis, we used multiple imputation to impute missing data. All missing data in the independent and dependent variables and potential confounders were imputed for the 523 participants who attended the examination at 15 years. Multiple imputation by chained regression was used to allow for missing values in more than one variable (White, Royston, & Wood, 2011) . We used 50 sets of imputation (White et al., 2011) , and the 50 sets of data were pooled using Rubin's rule (Rubin, 1987) .
We assessed the associations between birth weight; linear growth from birth to 24 months, 24-120 months, and 120-180 months (15 years); and depressive symptoms at 15 years using three
The flow of study participants regression models. Model 1 simultaneously included birth weight (grams), HAZ at 1 month (HAZ_1), 24 months (HAZ_24), 120 months (HAZ_120), and 15 years (HAZ_180) as exposure variables without any confounder adjustments. Model 2 was adjusted for gender, gestational duration (weeks), father's occupation, father's literacy, mother's literacy, and the wealth index (Filmer & Pritchett, 2001) . Model 3 was further adjusted for the Raven's Coloured Matrices score at 15 years (Raven et al., 1998; Teivaanmäki et al., 2017) and pubertal stage. This model aimed to assess the potential role of cognitive function and pubertal maturity as intermediate variables through which HAZ might affect depression.
As a sensitivity analysis, we performed the same regression models with all the cohort members who had no missing values in any of the variables, without using multiple imputations. We performed all analyses using Stata 12.1 (Stata Corporation, College Station, TX, USA).
| RESULTS
Of the 767 infants, 759 survived the first day of life and were included in the cohort. After the first day, 171 (23%) died and 50 (7%) permanently dropped out prior to the follow-up at 15 years. After the deaths and dropouts, there were 538 participants in the 15-year assessments, of whom 523 had data in one or more of the outcome variables and were included in the imputed analyses. Out of 523 participants, 287
had missing values in one or more of the exposure or outcome variables. Thus, 236 participants with no missing values were included in the sensitivity analysis (Figure 1 ).
Among the 523 participants, the mean (SD) duration of pregnancy was 39.1 weeks (3.3), and the newborn weight was 3,110 g (519).
Some 20% were born preterm (<37 completed gestation weeks), and 9% presented with low newborn weight (<2,500 g). The sociodemographic baseline characteristics were substantially similar for the participants and those excluded because of death, loss to follow-up, or missing data (Table 1 ).
The majority of the SMFQ assessments (77%) were interviewer administered. Among the 523 participants who were measured for anthropometrics at 15 years of age, the mean (SD) of HAZ at 1, 24, 120 and 180 months was −1.7 (1.2), −2.9 (1.2), −1.7 (0.8), and −1.7
(1.0), respectively. Mean (SD, range) SMFQ score was 15.0 (4.2, 0-26) points: 14.9 (4.0, 0-26) for male and 15.0 (4.4, 0-26) for female (p = .72; Table 2 ). Of all participants (N = 458), 90% (95%CI 87-92%) scored ≥11 points. Corresponding figures for males and females separately were 92% (95%CI 88-95%; n = 231) and 88% (95%CI 83-91%; n = 227), respectively (p = .07; Table 2 ).
The distribution of SMQF scores by gender is shown in Figure 2 .
Over 12% (95%CI 9-15%; n = 62) of the participants scored ≥20 (Table 3) . Similar results were found in Model 2, adjusted for the potential confounders, and in Model 3, further adjusted for Raven's Coloured Matrices and pubertal maturity (Table 3) . Neither pubertal maturity nor sex were statistically significantly associated with depressive symptoms (Table 3) . In the sensitivity analyses with the completely observed data (n = 236), birth weight (grams) was statistically significantly associated with SMFQ score in Model 1 (coefficient = −1.58, p = .014), Model 2 (coefficient = −1.45, p = .034), and Model 3 (coefficient = −1.38, p = .048; (Table 3) . The results were similar when we further added the mode of administration to all the presented analyses (data not shown).
| DISCUSSION
The study's primary aim was to evaluate the prevalence of depressive symptoms among rural Malawian adolescents. In a cohort of 523 study participants, the prevalence of reported depressive symptoms was high. Over 90% of participants in our study had SMFQ scores higher than the Western cut-off value for screening for depression.
This cut-off has not, however, been well validated in Malawi or in other African settings. The secondary aim was to assess the association between birth weight, height gain in childhood, gender, and pubertal maturity at the time of the assessment and depressive symptoms at 15 years. In the imputed data analysis, these factors did not predict depression. However, lower birth weight was associated with more frequent reported depressive symptoms in the complete data analysis. This association was consistent when possible confounders and intermediate variables were added to the model. Physically more mature participants had slightly more reported depressive symptoms, but this association did not reach statistical significance. Sex was not independently associated with depressive symptoms in any of the models.
The prevalence of reported depressive symptoms in our cohort was unexpectedly high. Turner and others have argued that the SMFQ may overestimate the prevalence of depression in individuals with lower educational attainment (Turner et al., 2014) . This may be part of the explanation of the high proportion scoring above the cut-off.
Our study did not reveal obvious predictors for the prevalence of depressive symptoms. In line with previous studies (Costello, 2007;  de Mola, 2014), we found some signs of higher birth weight being associated with fewer depressive symptoms in adolescence. This may highlight the importance of intrauterine growth on later mental health. Our confidence intervals were, however, quite wide, and the association was not found in the imputed primary analysis. The difference in the results between these two analyses may be due to the cohort's large dropout rate. Neither height gain during childhood nor gender explained the magnitude of depressive symptoms. Pubertal maturity relates to depressive symptoms (Angold et al., 1998) . There was some evidence of the effect of advanced puberty in our study, but the associations were not statistically significant. The reason for the absence of associations is not evident: either there are no associations or the high prevalence of depressive symptoms in our cohort leads to too little variation and the differences cannot be distinguished with the tool used. There may also be some characteristics in depression morbidity in low-income countries that differ from those in the West. Most of the evidence of the association between early growth and depression comes from developed countries (Costello, 2007 , de Mola, 2014 . It was not possible to investigate these potential differences in this study.
We believe that our results may be generalized to the target population. The anthropometric measurements used in this study were taken by trained data collectors with proper, regularly calibrated equipment. Participant characteristics were similar in the included and the excluded groups, with the exception of birth weight, which was lower in the excluded group. Average birth weight was within normal range in both groups, however, and there was no significant difference in the proportion of children with low birth weight. In additional analyses with all the original participants included, the results were similar.
This study has some limitations. The SMFQ has not been validated in our study setting; however, the questionnaire was carefully translated and back-translated until all the inaccuracies were detected.
The concept and vocabulary concerning mental health may have been unfamiliar to the participants in the study site, considering the poor awareness of mental health problems and services. The SMQF was mostly administered by interview rather than self-administration.
However, interviews tend to underestimate rather than overestimate the prevalence of mental health problems (Waal, Weele, Mast, Assendelft, & Gussekloo, 2012) . Hence, the high prevalence of symptoms in our cohort is most likely not due to the questionnaires' mode of administration.
The SMFQ is widely used, including in low-income settings and among adolescents (Ali, Ryan, & De Silva, 2016; Allison & Ferreira, 2017; Bjelland, Dahl, Haug, & Neckelmann, 2002; Turner et al., 2014) .
It has shown promise as a reliable and valid instrument for the assessment of depressive symptoms among adolescents in Bangladesh, but the study did not establish a cut-off score for classifying clinical depression status (Deeba, Rapee, & Prvan, 2015) . SMFQ was developed as a screening tool. The sensitivity and the specificity of SMFQ are 71%
and 83%, respectively (Turner et al., 2014) . Not all of the screen positive participants may have clinically significant depressive symptoms. Individual questions in the SMFQ are mostly unambiguous, and there are no specific questions which raise obvious concerns about misinterpretation. However, there may still be cultural or language related factors that affect the results. Therefore, one may argue that the traditionally used cut-off may be too low in this rural African setting. However, even if the cut-off was raised to as high as 20 points, approximately 12% of the participants would still be classified as having a high level of reported symptoms. We did not collect data on the mothers' depression or mental health, which may contribute to the depressive symptoms of the offspring (Patel et al., 2007) . The SMQF was only administered at 15 years of age, not at any other time points. The weight measurements taken during the first 7 days of life give a reasonable estimate of the size of the participants at birth.
Our findings highlight the importance of the awareness of depressive symptoms and resource allocation in low-income countries. Further research is needed to validate the SMFQ and establish a cut-off score for clinically significant depressive symptoms in rural Malawi.
Validation should be carried out against definitive diagnoses and conducted by a culturally embedded child and adolescent psychiatrists.
Alternatively, it may be necessary to use a different tool to assess depressive symptoms. Possible differences in the associations between developed and low-income countries remain unknown.
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